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(54) Spread-spectrum nfiulticarrier modulation for cellular communication 



(57) An improved transmitter apparatus, a receiver 
apparatus and a base station implemented with the 
transmitter and receiver apparatuses are described. 
These apparatuses and the base station sen/es to es- 
tablish communication by making use of an orthogonal 



frequency division demultiplexing demodulation and an 
Inverse spectrum spreading demodulation in combina- 
tion. The communication coverage thereof can be ex- 
paned by making use of an orthogonal frequency divi- 
sion demultiplexing demodulation and an inverse spec- 
trum spreading demodulation in combination. 
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Description 

CROSS REFERENCE TO RELATED APPLICATIONS 

5 [0001] The subject application is related to subject matter disclosed in the Japanese Patent Application No. 
Heil2-5402B filed in February 29. 2000 in Japan, to which the subject application claims priority under the Paris Con- 
vention and which is Incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

[0002] The present Invention is related generally to a transmitter apparatus, a receiver apparatus and a base station 
implemented with the transmitter and receiver apparatuses which are communicated with each other by making use 
15 of an orthogonal frequency division demultiplexing modulation and a spectrum spreading modulation in combination. 

Prior Art 

[0003] In recent years, it becomes an important issue to cope with interference due to delay spread through multlpaths 
20 while the signal transmission rates of wireless communication systems have been increased. OFDM (Orthogonal Fre- 
quency Division Multiplexing) is a technique with which the problem of the interference due to delay spread can be 
solved. OFDM Is a bloclc-oriented modulation scheme that maps data symbols onto a plurality of orthogonal sub-carriers 
separated by a distance to provide excellent resistance characteristics against the Interference due to delay spread 
through the multipaths. Also, OFDM is capable of compacting a substantially larger number of sub-carriers, as com- 
25 pared with a conventional FDM (Frequency Division Multiplexing), to provide an extremely high utilization of the fre- 
quency resources. OFDM is employed as a signal transmission scheme for digital broadcast in Europe, U.S.A. and 
Japan, and, in addition to this, determined to be employed as part of the standard for wireless system such as HIPER- 
LAN/2 (Europe), IEEE802.11a (U.S.A.), MMAC (Japan) which are the next generations of the mobile communication 
systems. 

30 [0004] Meanwhile, the next generations of the wireless communication system are expected to support high speed 
signal transmission rates in the order of several Mbps to several tens of Mbps with a wider bandwidth exclusively 
occupied by each channel. Because of this, it becomes furthennore important to improve the utilization of the frequency 
resources as compared with conventional systems. Furthermore, because of the limitation on the frequency resources 
as available, a technical object resides in how to determine an effective arrangement of the frequency resources and 

35 an effective arrangement of the respective cells In the cellular system. 

[0005] Furthermore, the next generations of the wireless communication system are expected to support different 
signal transmission rates to accommodate a variety of infomnation types for use in multimedia communications which 
require different levels of QoS (Quality of Service). The support for different signal transmission rates can be imple- 
mented by the use of different modulation systems and different encoding rates. Such a system capable of supporting 

40 different signal transmission rates is called as "a multi-rate supporting system" in the following description. The following 
table shows the relationship among the transfer speeds, the encoding rates, the modulation schema and the receiver 
sensitivities. 



50 



RELATIONSHIP AMONG TRANSFER SPEED, ENCODING RATE, MODULATION SCHEMA AND RECEIVER 

SENSITIVITIES 


MODE 


TRANSFER SPEED 


ENCODING RATE 


MODULATION 
SCHEME 


RECEIVER 
SENSITIVITY 


M1 


6Mbps 


BPSK 


1/2 


-82dBm 


M2 


9Mbps 


BPSK 


3/4 


-81dBm 


M3 


12Mbps 


OPSK 


1/2 


-79dBm 


M4 


18Mbps 


QPSK 


3/4 


-77dBm 


M5 


27Mbps 


16QAM 


9/16 


-74dBm 


M6 


36Mbps 


16QAM 


3/4 


-70dBm 


M7 


54Mbps 


64QAM 


3/4 


-65dBm 
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[0006] In the case of this example, there are seven modes Ml to M7 are implemented. Needless to say. a good 
wireless transmission condition is required for communication at a high speed transmission rate. As described in the 
above table, ft Is necessary to secure a higher reception electric field strength In order to change the transition mode 
from the low rate transition mode to the high rate transition mode, i.e., from the mode M1 to the mode M7. Inversely, 

5 when the transition mode Is changed from the high rate transition mode to the low rate transition mode, i.e., from the 
mode M7 to the mode Ml, the reception electric field strength as required is lowered. Namely, in the case of the multi- 
rate supporting system, It Is possible to vary the extent (coverage) of the area (cell) to which radio waves can be 
effectively transmitted from one base station by changing the signal transmission rate. More specifically speaking, it 
is possible to expand the coverage of a cell by decreasing the signal transmission rate. Such a system capable of 

10 changing the coverage of a cell Is called as "a dynamic cell structure system" in the following description. 

[0007] Exemplary prior art dynamic cell structure systems are described in "Studies of Zone Generation Algorithm 
in Adaptive Variable Zone Structure System", Institute of Electronics, Infonnation and Communication Engineers, B- 
5-204, 1998 and described In "Studies of Adaptive Variable Zone Structure System Implemented with a Directional 
Antenna in a Base Station", Communications Society Conference, B-5-81 , 1998. In the case of these exemplary prior 

IS art techniques, it is accomplished to lessen the load on a base station due to disparity of the number of mobile stations 
to be linked with the base station and decrease the distance between adjacent zones utilizing the same frequency by 
making use of an adaptive array antenna and adaptively modifying the profile of the zone in accordance with the 
distribution of mobile stations. 

[0008] Furthermore, another exemplary prior art dynamic cell structure system Is described in "Area Configuration 
20 Method in Multi-Rate Compatible High Speed Wireless LAN", Communications Society Conference, B-5-89, 1 999. The 
coverage of a cell Is changed by modifying the zone profile in the case of the exemplary prior art technique as described 
above by making use of an adaptive an^ay antenna. Contrary to this, in accordance with the above described B-5-89 
reference, the coverage of a cell is changed by varying the transmission rate of the beacon signal. 
[0009] The system becomes more flexible as the variable range of the coverage of a cell is increased in the dynamic 
25 cell structure system. For this reason, it is a technical issue how to expand the variable range of the coverage of a cell. 
[0010] Furthermore, it Is inevitable that the interference with an adjacent cell is increased while the coverage of a 
cell is expanded. In other words, the expansion of the coverage is closely related to the arrangement of cells in the 
cellular system. From this fact, there is a problem as to how to arrange cells in the dynamic zone structure. 
[0011] Also, the utilization of the frequency resources has to be Improved in a wireless communication system. 
30 Particularly, in the case of the wireless communication system In the next generations where the occupied signal 
bandwidth per channel is designed to be broad, the frequency resources as available are limited so that an appropriate 
system design Is required to accomplish highly utilization of the frequency resources. 

[0012] The Intelligent antenna (smart antenna) Is a wireless communication system improving the utilization of chan- 
nels. The intelligent antenna technology has been explained, for example, in "Intelligent Antenna Technology", Com- 
35 municatlons Society Conference Vol. 1 . TB-5-1 . 1 999. The exemplary prior art dynamic cell structure systems as de- 
scribed in "Studies of Zone Generation Algorithm in Adaptive Variable Zone Structure System" and "Studies of Adaptive 
Variable Zone Structure System Implemented with a Directional Antenna in a Base station" are also examples of ap- 
plication of the Intelligent antenna. 

[0013] The exemplary prior art as described in "Unnecessary Waves Suppression Characteristics for Multl Carrier - 

40 CMA Adaptive An-ay" Is an example of application of the intelligent antenna to the OFDM system. In this example, the 
respective signals as received through a plurality of antenna elements are appropriately weighted and then synthesized 
by means of a synthesizer. The signals as synthesized are converted into the signals in the frequency domain by means 
of FFT. The weight factor is detennined on the basis of CMA (Constant Modules Algorithm) In order to make equal all 
the amplitudes of the respective sub-carriers . In the case where the reception electric power of the target waves is 

45 sufficiently large, the control scheme on the basis of CMA is considered to be effective. 

[0014] The reception electric field strength as required is depending on the signal transmission rate in the case of 
the multi-rate supporting system. For this reason, it is important how to effectively control the weight factors given to 
an adaptive array antenna In such an environment where different coverages are given to users. 
[0015] Also, in the case of such a system in which the communication range is expanded by the antenna gain as 

50 obtained by directing the beam from an adaptive anray antenna to the target mobile station, it Is impossible to continue 
communication unless the antenna Is directed to the mobile station. In other words, while communication can be con- 
tinued without contrplling the direction of the antenna In the case where the mobile station Is located within the service 
area, it is impossible to establish communication with a mobile station located outside of the service area unless the 
antenna is directed to the mobile station by beam control. The antenna is controlled In order to appropriately direct the 

55 beam on the basis of the infonnation obtained from the received signals. Accordingly, It is Impossible to obtain Infor- 
mation necessary for taking appropriate control of the antenna in order to direct a beam to the mobile station that Is 
located In a remote position where a communication link can be established only by securing a necessary antenna 
gain through the adaptive array antenna directed to that mobile station. 
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[0016] In this manner, the next generations of the wireless communication system are expected to support high 
speed signal transmission rates In the order of several Mbps to several tens of Mbps with a wider bandwidth exclusively 
occupied by each channel. Because of this, It becomes Indispensable to improve the utilization of the frequency re- 
sources as compared with conventional systems. Furthennore, because of the limitation on the frequency resources 
5 as available, the technical object resides in the arrangement of the frequency resources and the arrangement of the 
respective ceils in the cellular system. 

[0017] Furthermore, the system becomes more flexible as the variable range of the coverage of a ceil is increased 
in the dynamic cell structure system. For this reason, it is a technical Issue to expand the variable range of the coverage 
of a cell. Furthermore, it is inevitable that the interference with an adjacent cell is Increased while the coverage of a 

10 cell Is expanded. Namely, it shall not be the case that the Interference with an adjacent cell is Increased while the 
coverage of a cell Is expanded. From this fact, it is a technical issue how to arrange cells in the dynamic zone structure. 
[0018] Also, it is Important how to effectively control the weight factors given to an adaptive an'ay antenna in which 
the utilization of the frequency resources is Improved by making use of the adaptive array antenna. Furthemnore, it Is 
Impossible to obtain infomiation necessary for talking appropriate control of the antenna In order to direct a beam to 

15 the mobile station that is located in a remote position where a communication link can be established only by securing 
a necessary antenna gain through the adaptive array antenna directed to that mobile station. In consequence, it is an 
important technical problem how to detennine the initial position of a remote mobile station (the initial position deter: 
mination). 

20 SUMMARY OF THE INVENTION 

[0019] The present invention has been made in order to solve the shortcomings as described heretofore. It is an 
object of the present invention to provide a transmitter apparatus, a receiver apparatus and a base station implemented 
with the transmitter and receiver apparatuses in which It Is possible to expand the variable range of the coverage of a 

25 cell in the dynamic cell structure system, 

[0020] It is another object of the present invention to provide a transmitter apparatus, a receiver apparatus and a 
base station implemented with the transmitter and receiver apparatuses in which the interference between adjacent 
cells is effectively prevented even In the cell arrangerhent where the frequency resources as available are limited. 
[0021] It is further object of the present invention to provide a transmitter apparatus, a receiver apparatus and a base 

30 station Implemented with the transmitter and receiver apparatuses in which It is possible to obtain infonnation necessary 
for taking appropriate control of the antenna in order to direct a beam to the mobile station that Is located in a remote 
position where a communication link can be established only by securing a necessary antenna gain through the adaptive 
array antenna directed to that mobile station. 

[0022] In brief, the above and other objects and advantages of the present invention are provided by a new and 

35 Improved transmitter apparatus making use of an orthogonal frequency division multiplexing modulation and a spectrum 
spreading modulation In combination comprising: an orthogonal frequency division multiplexing circuit which selectively 
modulates infomnatlon signals to be transmitted by orthogonal frequency division multiplexing; a spectrum spreading 
circuit which selectively performs a spectrum spreading modulation of said Information signals to be transmitted; and 
a transmission signal processing circuit which transfers said Infomiation signals which have been modulated by either 

40 said orthogonal frequency division multiplexing modulation or said spectrum spreading modulation to a receiver ap- 
paratus as a transmission signal, wherein, when said receiver apparatus and said transmitter apparatus are located 
so close to each other that the received signal level of said receiver apparatus is sufficient to maintain the communi- 
cation between said receiver apparatus and said transmitter apparatus with signals which are modulated on the basis 
of said orthogonal frequency division multiplexing modulation but not modulated on the basis of said spectrum spread- 

45 ing modulation, said orthogonal frequency division multiplexing circuit pertomris the modulation of said infomiation 
signals to be transmitted while said spectrum spreading circuit does not perfonn said spectrum spreading modulation 
of said information signals to be transmitted, and wherein, when said receiver apparatus and said transmitter apparatus 
are located so remote from each other that the received signal level of said receiver apparatus Is not sufficient to 
maintain the communication between said receiver apparatus and said transmitter apparatus with signals which are 

50 . modulated on the basis of said orthogonal frequency division multiplexing modulation but not modulated on the basis 
of said spectrum spreading modulation, said orthogonal frequency division multiplexing circuit does not perfonm said 
orthogonal frequency division multiplexing modulation of said Information signals to be transmitted while said spectrum 
spreading circuit performs said spectrum spreading modulation of said Infonnation signals to be transmitted. 
[0023] In a prefen^ed embodiment, further improvement resides in that said orthogonal frequency division multiplexing 

55 circuit is provided with a serial-to-parallel converter which converts said infonnation signals to be transmitted from a 
serial data sequence to a parallel data sequence, a modulator which serves to map said parallel data as converted by 
said' serial-to-parallel converter onto symbols In the frequency domain, an inverse fast Fourier transfonn unit which 
performs the Inverse fast Fourier transformation of said information signals as mapped and a parallel-to-serial converter 
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which converts the output data sequence of the IFFT unit 1 6 from a parallel data sequence to a serial data sequence. 
[0024] In a preferred embodiment, further Improvement resides in that said spectrum spreading circuit is provided 
with a spectrum spreading pattern generation circuit which generates a plurality of spectrum spreading pattems for 
use in said spectrum spreading modulation. 

5 [0025] In a preferred embodiment, further improvement resides In that said transmission signal processing circuit Is 
provided with an adaptive an^y antenna and wherein, when said receiver apparatus and said transmitter apparatus 
are located so remote from each other that the received signal level of said receiver apparatus is not sufficient to 
maintain the communication between said receiver apparatus and said transmitter apparatus with signals which are 
modulated on the basis of said orthogonal frequency division multiplexing modulation but not modulated on the basis 

10 of said spectrum spreading modulation, the direction of said receiver apparatus relative to said transmitter apparatus 
is detected by making use of a transmission signal which Is modulated by said spectrum spreading modulation, followed 
by directing a beam of the adaptive array antenna to said mobile station to Increase the received signal level of said 
receiver apparatus and make it possible to perform the communication between said receiver apparatus and said 
transmitter apparatus by orthogonal frequency division multiplexing. 

15 [0026] In accordance with a further aspect of the present invention, the above and other objects and advantages of 
the present invention are provided by a new and improved transmitter apparatus making use of orthogonal frequency 
division multiplexing modulations and a spectrum spreading modulation In combination comprising: an orthogonal 
frequency division multiplexing circuit whrch performs a first orthogonal frequency division multiplexing modulation of 
infonnation signals to be transmitted; a spectrum spreading circuit which selectively performs a spectrum spreading 

20 modulation of the output of said orthogonal frequency division multiplexing circuit; and a transmission signal processing 
circuit which transfers the output of said spectrum spreading circuit to a receiver apparatus as a transmission signal, 
wherein, when said receiver apparatus and said transmitter apparatus are located so close to each other that the 
received signal level of said receiver apparatus is sufficient to maintain the communication between said receiver 
apparatus and said transmitter apparatus with signals which are modulated by said first orthogonal frequency division 

25 multiplexing modulation but not modulated on the basis of said spectrum spreading modulation, said orthogonal fre- 
quency division multiplexing circuit pertomns said first orthogonal frequency division multiplexing modulation while said 
spectrum spreading circuit does not pertomi said spectrum spreading modulation of the output of said orthogonal 
frequency division multiplexing circuit, and wherein, when said receiver apparatus and said transmitter apparatus are 
located so remote from each other that the received signal level of said receiver apparatus is not sufficient to maintain 

30 the communication between said receiver apparatus and said transmitter apparatus with signals which are modulated 
by said first orthogonal frequency division multiplexing modulation but not modulated on the basis of said spectrum 
spreading modulation, said orthogonal frequency division multiplexing circuit perfomis a second orthogonal frequency 
division multiplexing modulation having a bandwidth which is narrower than that of said first orthogonal frequency 
division multiplexing modulation while said spectrum spreading circuit perfomis said spectrum spreading modulation 

35 of the output of said orthogonal frequency division multiplexing circuit. 

[0027] In a preferred embodiment, further improvement resides in that said orthogonal frequency division multiplexing 
. circuit serves to pertomn a phase shift keying modulation of said infomnation signals. 
[0028] In accordance with a further aspect of the present invention, the above and other objects and advantages of 
the present invention are provided by a new and improved transmitter apparatus making use of orthogonal frequency 

40 division multiplexing modulations and a spectrum spreading modulation In combination comprising: a mapping circuit 
which serves to map infonnation signals to be transmitted onto symbols in the frequency domain suitable for a first 
orthogonal frequency division multiplexing modulation; a spectrum spreading circuit which selectively perfomis a spec- 
trum spreading modulation of the output of said mapping circuit; an orthogonal frequency division multiplexing circuit 
which performs said first orthogonal frequency division multiplexing modulation of the output signal of said spectrum 

45 spreading circuit; and a transmission signal processing circuit which transfers the output of said orthogonal frequency 
division multiplexing circuit to a receiver apparatus as a transmission signal, wherein, when said receiver apparatus 
and said transmitter apparatus are located so close to each otherthat the received signal level of said receiver apparatus 
is sufficient to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are modulated by said first orthogonal frequency division multiplexing modulation but not modulated on the basis 

50 of said spectrum spreading modulation, said orthogonal frequency division multiplexing circuit perfonms said first or- 
thogonal frequency division multiplexing modulation while said spectrum spreading circuit does not perfonn said spec- 
trum spreading modulation of the output of said mapping circuit, and wherein, when said receiver apparatus and said 
transmitter apparatus are located so remote from each other that the received signal level of said receiver apparatus 
is not sufficient to maintain the communication between said receiver apparatus and said transmitter apparatus with 

55 signals which are modulated by said first orthogonal frequency division multiplexing modulation but not modulated on 
the basis of said spectrum spreading modulation, said orthogonal frequency division multiplexing circuit performs a 
second orthogonal frequency division multiplexing modulation having a bandwidth whtoh Is narrower than that of said 
first orthogonal frequency division multiplexing modulation while said spectrum spreading circuit perfomis said spec- 
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tmm spreading modulation of the output of said mapping circuit. 

[0029] In a preferred embodiment, further improvement resides in that said transmission signal processing circuit Is 
provided with an adaptive array antenna and wherein, when said receiver apparatus and said transmitter apparatus 
are located so remote from each other that the received signal level of said receiver apparatus is not sufficient to 

5 maintain the communication between said receiver apparatus and said transmitter apparatus with signals which are 
modulated on the basis of said orthogonal frequency division multiplexing modulation but not modulated on the basis 
of said spectrum spreading modulation, the direction of said receiver apparatus relative to said transmitter apparatus 
is detected by making use of a transmission signal which is modulated by said spectrum spreading modulation, followed 
by directing a beam of the adaptive array antenna to said mobile station to increase the received signal level of said 

10 receiver apparatus and make It possible to perfomri the communication between said receiver apparatus and said 
transmitter apparatus by said first orthogonal frequency division multiplexing modulations. 
[0030] In accordance with a further aspect of the present invention, the above and other objects and advantages of 
the present Invention are provided by a new and improved receiver apparatus making use of an orthogonal frequency 
division demultiplexing demodulation and an inverse spectrum spreading demodulation in combination comprising: an 

15 Inverse spectrum spreading circuit which selectively demodulates infomriatlon signals transmitted from a transmitter 
apparatus and received by said receiver apparatus by performing inverse spectrum spreading demodulation of said 
Information signals; an orthogonal frequency division demultiplexing circuit which selectively demodulates said infor- 
mation signals; wherein, when said receiver apparatus and said transmitter apparatus are located so close to each 
other that the received signal level of said receiver apparatus is sufficient to maintain the communication between said 

20 receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of said orthogonal 
frequency division demultiplexing demodulation but not demodulated on the basis of said inverse spectrum spreading 
demodulation, said orthogonal frequency division demultiplexing circuit perfomis the demodulation of infomnation sig- 
nals as received while said Inverse spectrum spreading circuit does not perfomi said inverse spectrum spreading 
demodulation of said infomnation signals as received, and wherein, when said receiver apparatus and said transmitter 

25 apparatus are located so remote from each other that the received signal level of said receiver apparatus Is not sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals which are 
demodulated on the basis of said orthogonal frequency division multiplexing demodulation but not demodulated on 
the basis of said inverse spectrum spreading demodulation, said inverse spectrum spreading circuit perfonns said 
inverse spectrum spreading demodulation of said infomnation signals as received while said orthogonal frequency 

30 division demultiplexing circuit does not perfomri said orthogonal frequency division demultiplexing demodulation. 
[0031] In a prefen-ed embodiment, further Improvement resides in that said orthogonal frequency division demulti- 
plexing circuit serves also to perform a phase shift keying demodulation of said information signals as received. 
[0032] In accordance with a further aspect of the present invention, the above and other objects and advantages of 
the present invention are provided by a new and Improved receiver apparatus making use of an orthogonal frequency 

35 division demultiplexing demodulation and an Inverse spectrum spreading demodulation In combination comprising: an 
orthogonal frequency division demultiplexing circuit which demodulates information signals transmitted from a trans- 
mitter apparatus and received by said receiver apparatus on the basis of a first orthogonal frequency division demul- 
tiplexing demodulation; an Inverse spectrum spreading circuit which selectively demodulates the output of said orthog- 
onal frequency division demultiplexing circuit by perfonmihg inverse spectrum spreading demodulation of said infor- 

40 matlon signals as demultiplexed; wherein, when said receiver apparatus and said transmitter apparatus are located 
so close to each other that the received signal level of said receiver apparatus is sufficient to maintain the communi- 
cation between said receiver apparatus and said transmitter apparatus with signals which are demodulated on the 
basis of said first orthogonal frequency division demultiplexing demodulation but not demodulated on the basis of said 
. inverse spectrum spreading demodulation, said orthogonal frequency division demultiplexing circuit performs said first 

45 orthogonal frequency division demultiplexing demodulation of infomnation signals as received while said inverse spec- 
trum spreading circuit does not perform said inverse spectrum spreading demodulation of said Information signals as 
received, and wherein, when said receiver apparatus and said transmitter apparatus are located so remote from each 
other that the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of said or- 

50 thogonai frequency division multiplexing demodulation but not demodulated on the basis of said inverse spectrum 
spreading demodulation, said inverse spectmm spreading circuit performs said inverse spectaim spreading demodu- 
lation of said infomnation signals as received while said orthogonal frequency division demultiplexing circuit performs 
a second orthogonal frequency division demultiplexing demodulation having a bandwidth which is narrower than that 
of said first orthogonal frequency division demultiplexing demodulation. 

55 [0033] In accordance with a further aspect of the present invention, the above and other objects and advantages of 
the present invention are provided by a new and improved receiver apparatus making use of an orthogonal frequency 
division demultiplexing demodulation and an Inverse spectmm spreading demodulation in combination comprising: an 
orthogonal frequency division demultiplexing circuit which selectively demodulates information signals transmitted from 
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a transmitter apparatus and received by said receiver apparatus by perfonning an orthogonal frequency division de- 
multiplexing demodulation of said infonnatioh signals; an inverse spectrum spreading circuit which selectively demod- 
ulates the output of said orthogonal frequency division demultiplexing circuit by perfonning Inverse spectrum spreading 
demodulation of the infonnation signals as received; a demapping circuit which serves to selectively demap said in- 

5 formation signals as demodulated by said orthogonal frequency division demultiplexing demodulation from symbols in 
the frequency domain suitable for said orthogonal frequency division demultiplexing demodulation; wherein, when said 
receiver apparatus and said transmitter apparatus are located so close to each other that the received signal level of 
said receiver apparatus Is sufficient to maintain the comniunlcation between said receiver apparatus and said trans- 
mitter apparatus with signals which are demodulated on the basis of said first orthogonal frequency division demuitl- 

10 plexing demodulation but not demodulated on the basis of said inverse spectrum spreading demodulation, said or- 
thogonal frequency division demultiplexing circuit perfomns the demodulation of information signals as received while 
said inverse spectrum spreading circuit does not perfomi said inverse spectrum spreading demodulation of said infor- 
mation signals as received, and wherein, when said receiver apparatus and said transmitter apparatus are located so 
remote from each other that the received signal level of said receiver apparatus is not sufficient to maintain the com- 

15 munication between said receiver apparatus and said transmitter apparatus with signals which are demodulated on 
the basis of said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said 
inverse spectrum spreading demodulation, said inverse spectrum spreading circuit pertonns said inverse spectrum 
spreading demodulation of said infonnation signals as received while said orthogonal frequency division demultiplexing 
circuit does not perform said orthogonal frequency division demultiplexing demodulation. 

20 [0034] In a preferred embodiment, further improvement resides in that said inverse spectrum spreading circuit is 
provided with a spectrum spreading pattern generation circuit which generates a plurality of spectrum spreading pat- 
terns for use in said inverse spectrum spreading demodulation. 

[0035] In a preferred embodiment, further Improvement resides In that said orthogonal frequency division demulti- 
plexing circuit is provided with a serial-to-parallel converter which converts the Information signals as received from a 
25 serial data sequence to a parallel data sequence and a fast Fourier transfomri unit which perfomns the fast Fourier 
transformation of said information signals as converted to said parallel data sequence, 

[0036] In a preferred embodiment, further improvement resides In that said inverse spectrum spreading circuit makes 
use of different spectrum spreading patterns for different transmitter apparatuses. 

[0037] In accordance with a further aspect of the present Invention, the above and other objects and advantages of 

30 the present Invention are provided by a new and improved base station which serves to establish communication with 
at least one mobile station located in a communication area where said base station is responsible for communication 
by making use of an orthogonal frequency division multiplexing modulation and a spectrum spreading modulation in 
combination comprising: a transmitter apparatus capable of transmitting information signals in a first transmission mode 
which has a first transmission speed and a first gain and transmitting Information signals in a second transmission 

35 mode which has a second transmission speed which is lower than said first transmission speed and a second gain 
which Is greater than said first gain; a receiver apparatus capable of receiving a first reception mode which receives 
infonnation signals having been transmitted in said first transmission mode and receiving a second reception mode 
which receives infonnation signals having been transmitted in said second transmission mode; wherein, when said 
mobile station and said base station are located so close to maintain communication between said mobile station and 

40 said base station in said first transmission mode and said first reception mode, said base station maintains communi- 
cation between said mobile station and said base station In said first transmission mode and said first reception mode, 
wherein, when said mobile station and said base station are located too remote to maintain communication between 
said mobile station and said base station in said first transmission mode and said first reception mode, said base station 
establishes communication between said mobile station and said base station in said second transmission mode and 

45 said second reception mode. 

[0038] In a preferred embodiment, further improvement resides in that said base station makes use of said second 
transmission mode and said second reception mode for communication with a mobile station which is located In an 
overlapping area between said communication area where said base station is responsible for communication and an 
adjacent area where an adjacent base station is responsible for communication. 

50 [0039] In a pref en'ed embodiment, further Improvement resides in that said base station and an adjacent base station 
thereto share the same communication resources for said first transmission mode and said first reception mode re- 
spectively and make use of separate communication resources for said second transmission mode and said second 
reception mode respectively. 

[0040] In a preferred embodiment, further improvement resides In that said base station is provided with an adaptive 
55 array antenna and wherein , when said mobile station and said base station are located so remote from each other 
that the received signal level of said base station is not sufficient to maintain the communication between said mobile 
station and said base station in said first transmission mode and said first reception mode, said base station establishes 
communication with said mobile station In said second transmission mode and said second reception mode, detects 
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the direction of said mobile station relative to said base station, directing a beam of the adaptive array antenna to said 
mobile station in order to Improve the gain in said first transmission mode and said first reception mode, and then 
establishing communication with said mobile station In said first transmission mode and said first reception mode. 

BRIEF DESCRIPTION OF DRAWINGS 

[0041] The aforementioned and other features and objects of the present invention and the manner of attaining them 
will become more apparent and the Invention itself will be best understood by reference to the following description of 
a preferred embodiment taken In conjunction with the accompanying drawings, wherein: 

Flg.1 Is a block diagram showing a transmitter apparatus and a receiver apparatus In accordance with a first 
embodiment of the present Invention. 

Fig.2 is a schematic diagram showing an exemplary configuration of cells in accordance with the conventional 

cellular system. 

Fig.3 Is a schematic diagram showing an exemplary configuration of the burst frame for the TDMA system In which 
time slots are allocated to the respective channels by timely division for multiplexing. 

Flg.4 is an explanatory view for explaining the coverage of the cell of the base station in accordance with the first 
embodiment of the present Invention. 

Fjg.5 is explanatory view for explaining the processing of the signals by the transmitter apparatus and the receiver 
apparatus as illustrated In Flg.1 in the case where the spectrum spreading operation is not perfonned as well as 
the inverse spectrum spreading operation, 

Fig.6 Is explanatory view for explaining the processing of the signals by the transmitter apparatus and the receiver 
apparatus as illustrated in Fig.1 in the case where the spectrum spreading operation Is performed as well as the 
inverse spectrum spreading operation. 

Fig.7 is a block diagram showing a transmitter apparatus and a receiver apparatus in accordance with a second 
embodiment of the present invention. 

Fig.8 is explanatory view for explaining the processing of the signals by the transmitter apparatus and the receiver 
apparatus as Illustrated In Flg.7 In the case where the spectrum spreading operation is not perfomried as well as 
the inverse spectrum spreading operation. 

Flg.9 Is explanatory view for explaining the processing of the signals by the transmitter apparatus and the receiver 
apparatus as illustrated in Flg.7 in the case where the spectrum spreading operation Is performed as well as the 
inverse spectrum spreading operation. 

Fig.10 is a schematic diagram showing an example of the conventional cell arrangement in the case where only 
one frequency Is available. 

Flg.1 1 is a schematic diagram showing the cell arrangement In accordance with the third embodiment of the present 
invention. 

Fig.1 2 is a schematic diagram showing an exemplary configuration of the burst frame in accordance with the third 
embodiment of the present invention. 

Fig.1 3 is a block diagram showing the configuration of the antenna system for signal reception In accordance with 
the fourth embodiment of the present Invention. 

Fig.1 4 is a block diagram showing the configuration of the antenna system for signal transmission in accordance 
with the fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0042] Various embodiments of the present invention will be described with reference to the accompanying drawings. 
It is to be noted that the same or similar reference numerals are applied to the same or similar parts and elements 
throughout the drawings, and the description of the same or similar parts and elements will be omitted or simplified. 

(FIRST EMBODIMENT) 

[0043] Fig. 1 is a block diagram showing a transmitter apparatus and a receiver apparatus in accordance with a first 
embodiment of the present Invention. The transmitter apparatus and the receiver apparatus in accordance with the 
present invention are provided for wireless communication by the use of OFDM (Orthogonal Frequency Division Mul- 
tiplexing). 

[0044] As Illustrated in Fig.1 , the transmitter apparatus 1 0a in accordance with the first embodiment of the present 
invention is composed of a serlal-to-parallel converter 12 for converting the infomiatlon signals (data stream) to be 
transmitted from a serial data sequence to a parallel data sequence, a modulator 14 for mapping the parallel data as 
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outputted from the serial-to-parallel converter 12 onto symbols in the frequency domain, an IFFT (Inverse Fast Fourier 
Transfomn) unit 1 6 for converting the signals in the frequency domain as outputted from the modulator 1 4 to the signals 
in the time. domain, a parallel-to-serial converter 18 for converting the output data sequence of the IFFT unit 16 from 
a parallel data sequence to a serial data sequence, a spectoim spreading circuit 20 for spectrum spreading the output 

5 signals of the parallel-to-serial converter 1 8, a guard interval inserting circuit 22 for inserting guard intervals which are 
timely gaps to the output signals of the spectrum spreading circuit 20 for the purpose of preventing interference due 
to multipaths, a transmission signal processing circuit 24 for perfomiing necessary processes required to transmit the 
output signals of the guard interval Inserting circuit 22 as radio signals, an antenna 26 for radiating the output signals 
of the transmission signal processing circuit 24 as electric waves. The transmission signal processing circuit 24 serves 

10 to perform the conversion of input signals from digital signals to analog signals, the conversion of the frequencies of 
signals to appropriate frequencies for wireless communication, the amplification of signal levels to sufficient levels and 
so forth. 

[0045] Also, the transmitter apparatus 1 0a in accordance with the first embodiment has a pattern generation circuit 
44a provided in the spectmm spreading circuit 20 for generating spectrum spreading signals (spectrum spreading 

15 pattern) which are multiplied by the output signals of the parallel-to-serial converter 1 8 when the spectrum spreading 
circuit 20 perfonns spectrum spreading, and a mapping table 46 provided in the modulator 14 for storing numbers to 
be mapped con^esponding to the parallel data as outputted from the serial-to-parallel converter 12. Not shown in the 
figure, the transmitter circuit 1 0a is provided with a control circuit for taking control of the spectrum spreading circuit 
20 as to whether or not spectrum spreading is perfomried. The control circuit serves to output an appropriate control 

20 signal to the spectrum spreading circuit 20 in order to take control of the spectrum spreading process by the spectrum 
spreading circuit 20. 

[0046] On the other hand, the receiver apparatus 1 0b In accordance with the first embodiment of the present invention 
is composed of an antenna 28 for receiving radio waves as radiated from the transmitter apparatus 10a, a received 
signal processing circuit 30 for perfomning processes to convert radio frequency signals to corresponding baseband 

25 signals, a guard interval removal circuit 32 for removing the guard intervals in synchronism with the timing information 
as obtained from the decoded signals, an inverse spectrum spreading circuit 34 for inverse spectrum spreading the 
output signals of the guard interval removal circuit 32, a serial-to-parallel converter 36 for converting the output signals 
of the spectrum spreading circuit 34 from a serial data sequence to a parallel data sequence, an FFT (Fast Fourier 
Transfonn) unit 38 for converting the parallel data as output from the serial-to-parallel converter 36 from signals in the 

30 time domain to signals In the frequency domain, a demodulator unit 40 for demapping the signals as outputted from 
the FFT unit 38 in the frequency domain, and a parallel-to-serial converter 42 for converting the output signals of the 
demodulator unit 40 from a parallel data sequence to a serial data sequence. 

[0047] Furthermore, the receiver apparatus 1 0b In accordance with the first embodiment is composed of the pattern 
generation circuit 44b provided In the inverse spectrum spreading circuit 34 for generating the identical patterns as 

35 used by the spectrum spreading circuit 20 of the transmitter apparatus 1 0a, and a demapping table 47 provided In the 
demodulator unit 40 for storing the identical numbers as stored in the mapping table 46 of the transmitter apparatus 
10a. Although not shown in the figure, like the above described the transmitter apparatus 10a, the receiver circuit 10b 
is provided with a control circuit for taking control of the inverse spectrum spreading circuit 34 as to whether or not 
inverse spectrum spreading is pertormed. This control circuit serves to output an appropriate control signal to the 

40 inverse spectrum spreading circuit 34 in order to take control of the inverse spectrum spreading process by the inverse 
spectrum spreading circuit 34. 

[0048] Next, the configuration of cells and burst frames in accordance with the first embodiment of the present in- 
vention will be explained. First, the configuration of cells and burst frames In accordance with the conventional cellular 
system will be explained. Fig.2 Is a schematk; diagram showing an exemplary configuration of cells in accordance with 

45 the conventional cellular system. As Illustrated In Flg.2, in the case of the conventional cellular system, a plurality of 
base stations 48n-1 , 48n and 48n+1 are located in the service area covered by cells 50n-1 , 50n and 50n-»-1 in which 
radio waves are effectively propagated from the respective base stations 48n-1, 48n and 48n+1. The base stations 
48n-1 , 48n and 48n+1 are responsible for resource management of wireless frequencies and so forth within the re- 
spective cells 50n-1 , 50n and 60n+1 , Furthennore, there are a plurality of mobile stations 52m-1 , 52m and 52m+1 in 

50 the service area. The respective base stations 48n-1 , 48n and 48n+1 and the respective mobile stations 52m-1 , 52m 
. and 52m+1 are provided with usual transmitter apparatuses and receiver apparatuses. 

[0049] The so-called cellular system is such a system In' which wireless resources are allocated to the respective 
base stations 48n-1 , 48n and 48n+1 and the respective mobile stations 52m-1 , 52m and 52m+1 . The timing control of 
the signals for use in the communication system is depending upon the channel allocation algorithm which is employed 
55 in the communication system. 

[0050] Fig.3 is a schematic diagram showing an exemplary configuration of the burst frame for the TDMA system In 
which time slots are allocated to the respective channels by timely division for multiplexing. In Flg.3, the abscissa is 
Indicative of time. The burst frame as illustrated in Fig.3 consists of a broadcast channel 54 through which common 
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information is broadcasted from a base station to all the mobile stations linked to the base station, a downlink channel 
56 through which infonnation items exclusive to the respective mobile stations are transfered from the base station to 
the Individual mobile stations, an uplink channel 58 through which Infonnation items are transfered from the respective 
mobile stations to the base station, and a random access channel 60 through which a mobile station can transfer a 
5 request for allocation of wireless resources to the base station. The respective channels 54, 56, 58 and 60 are composed 
of a plurality of slots respectively. 

[0051] The mobile station located within the service area is In communication with the base station through prede- 
termined slots in the downlink channel 56 and the uplink channel 58 which have been allocated to the mobile station 
by the base station. In many prior art cellular systems, 'the modulation scheme and the signal transmission rate for use 

10 in communications between the base station and the respective mobile stations are fixed in advance. For example, in 
the case of the PHS system, the modulation scheme and the signal transmission rate for use therein have been defined 
as quadrature phase shift keying (QPSK) modulation and 32 kbps respectively. Contrary to this, the next generations 
of the wireless communication system are designed to support different signal transmission rates to accommodate a 
variety of information types for use in multimedia communications which require different levels of QoS (Quality of 

15 Service). More specifically speaking, the support for different signal transmission rates can be implemented by the use 
of different modulation systems and different encoding rates. Namely, the multi-rate supporting system Is employed In 
the next generations of the wireless communication system. 

[0052] The multi-rate supporting system serves to accommodate users requiring different signal transmission rates 
and therefore particularly fitted for multimedia information. Also, since an appropriate signal transmission rate can be 
20 used in accordance with the wireless communication environment, the utilization of the frequency resources can be 
improved. Furthermore, the coverage of a cell can be varied by changing the signal transmission rate. The system 
becomes more flexible as the variable range of the coverage of a cell is increased in the dynamic cell structure system. 
For this reason. It is a technical issue to expand the variable range of the coverage of a cell as explained in the prior 
art technique. 

25 [0053] Next, the cell configuration around a base station in accordance with the first embodiment of the present 
invention will be explained in conjunction with Fig.4. Fig.4 is an explanatory view for explaining the coverage of the 
cell of the base station in accordance with the first embodiment of the present invention. As illustrated in Flg.4, the 
base station 62 of the first embodiment of the present Invention serves to provide an ordinary coverage 66 and a 
spreading coverage 68. The base station 62 perfonns conventional OFDM In the ordinary coverage 66 In which the 

30 mobile stations 64a and 64b maintain communication with the base station 62 on the basis of the OFDM. Furthermore, 
the base station 62 serves to provide the spreading coverage 68 sun-ounding the ordinary coverage 66 for perfonning 
conventional OFDM, and can establish communication with a mobile station 64c located outside of the ordinary cov- 
erage 66 but inside of the spreading coverage 68. 

[0054] As illustrated in Flg.1 , the transmitter apparatus 10a in accordance with the first embodiment of the present 
35 Invention Is provided with the spectrum spreading circuit 20 between the parallel-to-serial converter 1 8 and the guard 
interval inserting circuit 22 while the receiver apparatus 10b is provide'd with the inverse spectmm spreading circuit 34 
between the guard interval removal circuit 32 and the serial-to-parallel converter 36. The spectrum spreading circuit 
20 of the transmitter apparatus 1 0a serves to spread the respective transmission signals by multiplying the transmission 
signals by a pattern as generated by the pattern generation circuit 44a. On the other hand, the spectrum spreading 
^0 circuit 34 serves to Inverse spread the respective received signals by multiplying the received signals as spectrum 
spread by a pattern as generated by the pattern generation circuit 44b. The pattern as generated by the pattern gen- 
eration circuit 44a for the multiply operation is Identical to the pattern as generated by the pattern generation circuit 
44b for the multiply operation. 

[0055] Fig.5 and Flg.6 are explanatory views for explaining the processing of the signals in the transmitter apparatus 
^5 10a and the receiver apparatus 10b as Illustrated In Flg.1. Flg.5 is explanatory view for explaining the processing of 
the signals in the case where the spectrum spreading operation is not performed as well as the Inverse spectrum 
spreading operation. Fig. 6 Is explanatory view for explaining the processing of the signals in the case where the spec- 
trum spreading operation is performed as well as the Inverse spectrum spreading operation. The case where the 
spectrum spreading operation is not perfomned as well as the inverse spectrum spreading operation is such a case 
50 where the receiver apparatus and the transmitter apparatus are located so close to each other that the receiver sen- 
sitivity Is sufficient to maintain the communication between the receiver apparatus and the transmitter apparatus by 
means of OFDM without spectrum spreading. Also, the case where the spectrum spreading operation is performed as 
well as the inverse spectrum spreading operation is such a case where the receiver apparatus and the transmitter 
apparatus are located so remote from each other that the receiver sensitivity is not sufficient to establish the commu- 
55 nication between the receiver apparatus and the transmitter apparatus by means of OFDM without spectrum spreading. 
As illustrated in Fig.5, in the case without spectrum spreading, the transmitter apparatus 1 0a serves to generate con- 
ventional OFDM signals. More specifically speaking, the conventional OFDM signals are generated by mapping data^ 
symbols onto the complex plane in the frequency domain (see spectral components 70) by means of the modulator 
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14 of the transmitter apparatus 10a. and converting the data symbols as mapped to signals in the time domain by 
means of the IFFT unit 1 8. The OFDM signals are generated to effectively occupy the entirety of the available bandwidth. 
In this case, the spectrum spreading circuit 20 serves to output the Input signals without change so that the transmitter 
apparatus 1 0a then outputs the signals with spectra 74. 

5 [0056] As Illustrated In Fig. 6, also In the case where spectmm spreading Is perfomied, the transmitter apparatus 10a 
serves to generate OFDM signals. However, the modulator 14 serves to decrease the number of the data symbols as 
mapped onto the complex plane In the frequency domain (see spectral components 80). In this case, only one sub- 
carrier is modulated while NULL Is assigned to the remaining sub-carriers. OFDM is therefore not perfomned In fact In 
this case. Accordingly, the OFDM signals as converted in the time domain by the IFFT unit 16 has spectral components 

10 82. If the numberof the available sub-camers of the OFDM signals isN, 1/N of the available bandwidth Is used by the 
spectral components 82. Accordingly, the transfer speed Is also decreased by 1/N. The spectrum spreading circuit 20 
then multiplies the input signals by a predetermined pattern (s). The transmission signal processing circuit 24 serves 
to amplify the signals to a sufficient power level and output the amplified signals. Accordingly, the transmitter apparatus 
10a outputs the OFDM has spectrum spread with the spectral components 84 of which effective bandwidth is equal to 

15 that of the spectral components 74 as illustrated in Fig.5. 

[0057] On the other hand, the receiver apparatus 10b usually skips the inverse spectrum spreading process, but 
only when communication can not be established, it perfomns the inverse spectrum spreading process in advance of 
demodulation. As Illustrated In Fig.6, when the inverse spectmm spreading process is perfomied, the Inverse spectrum 
spreading circuit 34 of the receiver apparatus 1 0b serves to switch the inverse spreading pattern among from a plurality 

20 of predetemilned patterns to search the inverse spreading pattern, that is identical to the spreading pattern having 
been used in the transmitter apparatus 1 0a, for inverse spreading the received signals (see the spectral components 
86). The inverse spectrum spreading circuit 34 then performs the inverse spectrum spreading process of the received 
signals by the use of the Inverse spreading pattem identical to the spreading pattern having been used In the transmitter 
apparatus 10a. Accordingly, the inverse spectrum spreading circuit 34 outputs the signals with spectral components 

25 88. The spectral components 88 is corresponding to the spectral components 78 in the case where the Inverse spectrum 
spreading operation is not perfonned. 

[0058] In accordance with the first embodiment of the present invention, the receiver sensitivity can be improved by 
the spectrum spreading gain since the OFDM signals are spectrum spread at the transmitter apparatus and spectrum 
de-spread at the receiver apparatus. Because of this, it Is possible to expand the variable range of the coverage of a 
30 ceil In the dynamic cell structure system. 

[0059] Furthermore, in accordance with the first embodiment of the present invention, it is possible to implement the 
transmitter/reception apparatus only by partly modifying an existing system and therefore to reduce the initial cost as 
required when the new system is introduced. 

55 (SECOND EMBODIMENT) 

[0060] Fig. 7 is a block diagram showing a transmitter apparatus and a receiver apparatus in accordance with a 
second embodiment of the present invention. The transmitter apparatus and the receiver apparatus in accordance with 
the present invention are provided for wireless communication by the use of the OFDM technique in the same manner 

40 as the first embodiment. In the case of the first embodiment of the present Invention, the OFDM modulation and the 
spectrum spreading process are not performed to the same signals In combination. However, In the case of the present 
embodiment, the OFDM modulation and the spectrum spreading process are performed to the same signals. 
[0061] Also, the first embodiment of the present invention, the signals in the frequency domain are spectrum spread 
or inverse spectrum spread. Accordingly, the spectrum spreading circuit 20 as illustrated in Fig.1 is connected between 

45 the paralleko-serial converter 1 8 and the guard interval inserting circuit 22 while the Inverse spectrum spreading circuit 
34 is connected between the guard Inten/al removal circuit 32 and the serlal-to-parallel converter 36. However, the 
spectrum spreading process and the Inverse spectrum spreading process are linear operations and can be perfonned 
in the time domain. In accordance with the present embodiment, the spectrum spreading process and the inverse 
spectrum spreading process are performed in the time domain. 

50 [0062] As illustrated in Fig.7, the transmitter apparatus 1 0a in accordance with the second embodiment of the present 
invention Is composed of a serial-to-parallel converter 1 2 for converting the infomnation signal (data stream) to be 
transmitted from a serial data sequence to a parallel data sequence, a modulator 14 for mapping the parallel data as 
outputted from the serial-to-parallel converter 12 onto symbols in the frequency domain, a spectrum spreading circuit 
140 for spectrum spreading the output signals of the modulator 14, an IFFT (Inverse Fast Fourier Transform) unit 16 

55 for converting the signals in the frequency domain as outputted from the spectrum spreading circuit 1 40 to the signals 
in the time domain, a parallel-to-serial converter 1 8 for converting the output data sequence of the IFFT unit 16 from 
a parallel data sequence to a serial data sequence, a guard Interval inserting circuit 22 for Inserting guard intervals 
which are timely gaps to the output signals of the parallel-to-serial converter 1 8 for the purpose of preventing interfer- 
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ence due to muftipaths, a transmission signal processing circuit 24 for perfomiing necessary processes required to 
transnnit the output signals of the guard interval Inserting circuit 22 as radio signals, an antenna 26 for radiating the 
output signals of the transmission signal processing circuit 24 as electric waves. The transmission signal processing 
circuit 24 serves to perform the conversion of input signals from digital signals to analog signals, the conversion of the 
5 frequencies of the signals to appropriate frequencies for wireless communication, the amplification of signal levels to 
sufficient levels and so forth. 

[0063] Furthemriore, the transmitter apparatus 10a in accordance with the second embodiment is provided with a 
pattern generation circuit 144a In the spectrum spreading circuit 140 for generating spectrum spreading signals (spec- 
trum spreading patterns) which are multiplied by the output signals of the modulator 14 when the spectrum spreading 

10 circuit 140 perfonns spectrum spreading, and a mapping table 46 provided in the modulator 14 for storing numbers to 
be mapped corresponding to the parallel data as outputted from the serial-to-parallel converter 12. Not shown in the 
figure, the transmitter circuit 10a is provided with a control circuit for taking control of the spectrum spreading circuit 
140 as to whether or not spectrum spreading is performed. The control circuit serves to output an appropriate control 
signal to the spectrum spreading circuit 1 40 in order to tal<e control of the spectrum spreading process by the spectrum 

15 spreading circuit 140. 

[0064] On the other hand, the receiver apparatus 10b in accordance with the second embodiment of the present 
invention is composed of an antenna 28 for receiving radio waves as radiated from the transmitter apparatus 10a, a 
received signal processing circuit 30 for perfomiing processes to convert radio frequency signals to corresponding 
baseband signals, a guard interval removal circuit 32 for removing the guard intervals in synchronism with the timing 

20 infomnatlon as obtained from the decoded signals, a serial-to-parallel converter 36 for converting the output signals of 
the guard interval removal circuit 32, an FFT (Fast Fourier Transfo mi) unit 38 for converting the parallel data as output 
from the serial-to-parallel converter 36 from signals in the time domain to signals in the frequency domain, an inverse 
spectrum spreading circuit 34 for inverse spectrum spreading the output signals of the FFT unit 38, a demodulator unit 
40 for demapping the signals as outputted from the inverse spectrum spreading circuit 142 in the frequency domain, 

25 and a parallel-to-serial converter 42 for converting the output signals of the demodulator unit 40 from a parallel data 
sequence to a serial data sequence. 

[0065] Furthermore, the receiver apparatus 1 0b in accordance with the second embodiment is composed of the 
pattern generation circuit 44b provided in the inverse spectrum spreading circuit 1 42 for generating the identical patterns 
as used by the spectrum spreading circuit 140 of the transmitter apparatus 10a, and a demapping table 47 provided 

30 in the demodulator unit 40 for storing the identical numbers as stored in the mapping table 46 of the transmitter appa- 
ratus 1 0a. Although not shown in the figure, Wke the above described the transmitter apparatus 1 0a, the receiver circuit 
10b is provided with a control circuit for talcing control of the inverse spectrum spreading circuit 142 as to whether or 
not Inverse spectrum spreading is performed. This control circuit serves to output an appropriate control signal to the 
inverse spectrum spreading circuit 1 42 In order to take control of the inverse spectrum spreading process by the inverse 

35 Spectrum spreading circuit 142. 

[0066] Fig. 8 and Flg.9 are explanatory views for explaining the processing of the signals in the transmitter apparatus 
10a and the receiver apparatus 10b as illustrated in Fig. 7. Fig.8 is explanatory view for explaining the processing of 
the signals in the case where the spectrum spreading operation is not performed as well as the inverse spectrum 
spreading operation. Fig.9 is explanatory view for explaining the processing of the signals in the case where the spec- 

40 trum spreading operation Is perfonned as well as the inverse spectrum spreading operation. As illustrated in Fig.8, in 
the case without spectrum spreading, the transmitter apparatus 10a serves to generate conventional OFDM signals. 
More specifically speaking, the conventional OFDM signals are generated by mapping data symbols onto the complex 
plane In the frequency domain by means of the modulator 14 of the transmitter apparatus 10a, and passed through 
the spectrum spreading circuit 140 without change (see spectral components 1 70). The IFFT unit 1 8 then converts the 

45 signals in the frequency domain which are not spectrum spread to signals in the time domain. The OFDM signals as 
generated occupy the entirety of the available bandwidth. 

[0067] As illustrated in Fig.9, the transmitter apparatus 10a serves to generate the OFDM signals with orthogonal 
frequency waves even when they are spectrum spread. However, the modulator 14 selves to decrease the number of 
the data symbols as mapped onto the complex plane in the frequency domain (see spectral components 1 80). In this 

50 case, only four sub-carriers are modulated while NULL is assigned to the remaining sub-carriers. Accordingly, the 
OFDM signal as output from the modulator 14 has the spectral components 180. If the number of all the sub-carriers 
is 64, the bandwidth occupied by the spectral components 1 80 of the four effective sub-carriers is 1/1 6 of the entirety 
of the available bandwidth. Furthennore, the spectrum spreading circuit 20 serves to multiply the input signals by a 
predetermined pattern. Accordingly, the output signals of the spectrum spreading circuit 20 have the spectral compo- 

55 nents 1 82 which are finally output as OFDM signals which are spectrum spread by a factor of 1 6. 

[0068] On the other hand, the receiver apparatus 10b usually skips the inverse spectrum spreading process (see 
Flg.8), but only when communication can not be established, it perfonns the Inverse spectrum spreading process in 
advance of derhodulation. As illustrated in Fig.9, when the Inverse spectrum spreading process is performed, the 
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Inverse spectrum spreading circuit 142 of the receiver apparatus 10b serves to switch the inverse spreading pattern 
among from a plurality of predetermined patterns to search the Inverse spreading pattern, that is identical to the spread- 
ing pattern having been used In the transmitter apparatus 10a, for inverse spreading the received signals (see the 
spectral components 1 86). The inverse spectrum spreading circuit 142 then performs the inverse spectrum spreading 
5 process of the received signals by the use of the Inverse spreading pattern identical to the spreading pattern having 
been used In the transmitter apparatus 1 0a. Accordingly, the inverse spectrum spreading circuit 1 42 outputs the signals 
with spectral components 1 88. 

[0069] Also, in accordance with the second embodiment of the present invention, the receiver sensitivity can be 
improved by the spectrum spreading gain since the OFDIVI signals are spectrum spread at the transmitter apparatus 
10 and spectrum de-spread at the receiver apparatus. Because of this, it is possible to expand the variable range of the 
coverage of a cell in the dynamic cell structure system. 

[0070] Furthermore, it Is possible to implement the transmitter/reception apparatus only by partly modifying an ex- 
isting system and therefore to reduce the initial cost as required when the new system is introduced in the same manner 
as the first embodiment of the present invention, For deciding whether to use the first embodiment or the second 
15 embodiment of the present invention, the environment of the application, the specification of the system, the imple- 
mentation and so forth should be taken into consideration. 

(THIRD EMBODIMENT) 

20 [0071] Next, a third embodiment of the present invention will be explained. The next generations of the wireless 
communication system are expected to support high speed signal transmission rates in the order of several Mbps to 
several tens of Mbps with a wider bandwidth exclusively occupied by each channel. Because of the limitation on the 
frequency resources as available, it Is particularly important how to detenmine an effective arrangement of the respective 
cells in the cellular system. 

25 [0072] Fig. 10 is a schematic diagram showing an example of the conventional cell arrangement in the case where 
only one frequency is available. As illustrated in Fig. 10, it is impossible to provide overlap between adjacent ones of 
the cells 92n-1, 92n and 92n+1 of base stations 90n-1 , 90n and 90n+1 . Accordingly, when the mobile station 94a in 
the cell 92n-1 Is transiting to the position 94c through the position 94b, the communication between the mobile station 
94a and either the base station 90n-1 or the base station 90n+1 is disconnected. This Is a serious problem of the 

30 mobile communication system and therefore it Is required to Implement a handover system which is reliable even if a 
small number of frequencies are available. 

[0073] Fig.11 is a schematic diagram showing the cell arrangement in accordance with the third embodiment of the 
present invention. The third embodiment of the present invention is provided to show examples of a base station and 
a mobile station, having the receiver/transmitter apparatuses In accordance with the first embodiment of the present 

35 Invention, for use In the environment of the cell arrangement In the case where only one frequency Is available. Namely, 
in accordance with the third embodiment of the present invention, adjacent cells can be located overlapped with each 
other by expanding the coverage of the cell of the respective base station designed in accordance with the first em- 
bodiment as described above. Meanwhile, only two base stations are illustrated for the sake of explanation. 
[0074] As illustrated In Fig. 1 1 , In the cell arrangement In accordance with the third embodiment, the respective base 

40 stations 96n-1 and 96n serve to provide ondlnary coverage 98n-1 and 98n and spreading coverage 1 0On-1 and 1 0On. 
The base stations 96n-1 and 96n perfomi conventional OFDM in the ordinary coverages 98n-1 and 98n in which the 
mobile stations 102a and 102c maintain communication with the base stations 96n-1 and 96n on the basis of the 
conventional OFDM. 

[0075] In this case, the mobile station 102a located in the ordinary coverage 98n-1 and the mobile station 102c 
45 located In the ordinary coverage 98n can be In communication with the base stations 96n-1 and 96n to perfomi a higher 
speed data exchange than the mobile station 102b located in the spreading coverage 100n-1 and the spreading cov- 
erage lOOn. The mobile station 102b is located in both the spreading coverage 100n-1 of the base station 96n-1 and 
the spreading coverage 100n of the base station 96n. In other words, the mobile station 102b can effectively receive 
signals from both the base station 96n-1 and the base station 96n. The base station 96n-1 and the base station 96n 
50 share an Identical frequency but make use of differ^ent patterns for spectrum spreading and inverse spectrum spreading 
in order to make It possible to discriminate the signals transmitted by the base station 96n-1 from the signals transmitted 
by the base station 96n. 

[0076] In accordance with the third embodiment of the present invention, it is possible to avoid the interference 
associated when expanding the coverage of the cell even if adjacent cells share an identical frequency. Also, in ac- 
55 cordance with the third embodiment of the present invention, It Is possible to implement a handover system which is 
reliable even If a small number of frequencies are available. 

[0077] Next, the configuration of cells, and burst frames In accordance with the third embodiment of the present 
Invention will be explained in conjunction with Flg.11 and Flg.12. Fig.12 is a schemata diagram showing an exemplary 
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configuration of the burst frame in accordance with the third embodinnent of the present invention. The burst frame in 
accordance with the third embodiment is substantiaily same as Illustrated In Fig.3 showing a burst frame for the TDMA 
system in which time slots are allocated to the respective channels by timely division for multiplexing. 
[0078] As illustrated in Fig. 12, the burst frame in accordance with the third embodiment consists of a broadcast 

5 channel 1 04 through which common infonnatlon is broadcasted from a base station to all the mobile stations linked to 
the base station, a downlink channel 106 through which information items exclusive to the respective mobile stations 
are transfered from the base station to the individual mobile stations, an uplink channel 108 through which infomnation 
items are transfered from the respective mobile stations to the base station, and a random access channel 1 1 0 through 
which a mobile station can transfer a request for allocation of wireless resources to the base station. The respective 

10 channels 1 04, 1 06, 1 08 and 1 1 0 are composed of a plurality of slots respectively 

[0079] Furthermore, in accordance with the third embodiment of the present invention, the coverage of the cell of 
the base station can be expanded by transmitting spectrum spread OFDM signals through the downlink channel 106 
and the uplink channel 1 08 In order not to affect the concurrent conventional OFDM transmission. Namely, as illustrated 
in Fig. 12, the slots 112 in the downlink channel 106 and the slots 114 in the uplink channel 108 are allocated to the 

15 transmission of the spectrum spread OFDM signals. 

[0080] For example, as Illustrated in Fig.11, the slots 112 and 114 as seen from the mobile stations 102a and 102c 
located in the ordinary coverage 98n-1 and 98n are simply neglected in the same manner as other slots allocated to 
other mobile stations. For this reason, the concurrent conventional OFDM transmission is not affected by the spectrum 
spread OFDM signals. 

20 [0081] On the other hand, the mobile station 1 02b located in the spreading coverage 1 0On-1 and lOOn inverse spec- 
trum spreads the signals as transmitted through the slots 112 and 114 by the use of the pattern identical to the pattern 
having used for spectrum spreading the same signals in the base stations 96n-1 and 96n. Because of this, the mobile 
station 102b can reproduce the signals as transmitted through the slots 112 and 114. 

[0082] Furthermore, for the purpose of providing the same services as provided for the mobile stations 102a and 

25 102c located in the ordinary coverage 98n-1 and 98n, the base station has to provide for the mobile station 102b 
located in the spreading coverage 100n-1 and lOOn with a broadcast channel, a . downlink channel through which 
infomiation items exclusive to the mobile stations are transfered from the base station, an uplink channel 1 08 through 
which infomiation Items are transfered from the mobile stations to the base station, and a random access channel 1 1 0 
through which the mobile station can transfer a request for allocation of wireless resources to the base station. Needless 

30 to say, these signals shall not affect the concurrent conventional OFDM transmission. Accordingly, the broadcast chan- 
nel, the downlink channel, the uplink channel and the random access channel for the mobile station 102b are provided 
within the slots 1 1 2 in the downlink channel 1 06 and the slots 1 1 4 in the uplink channel 1 08. 
[0083] However, while the spectrum spread OFDM signals are transmitted through the downlink channel 106 and 
the uplink channel 1 08 which are user channels, it is generally not predetermined which slots are allocated to the 

35 spectrum spread OFDM signals . In other words , the number of the slots In the burst frame as Illustrated In Fig.12 
which are preceding the slots allocated to the spectrum spread OFDM signals is depending upon the case. 
[0084] To meet with this situation, in accordance with the third embodiment of the present invention, the base station 
serves to transmit to the mobile stations located in the ordinary coverage 98n-1 and 98n, through the broadcast channel, 
information about the number I of the slots In the burst frame which are. preceding the slots that are located in the 

40 downlink channel and allocated to the spectrum spread OFDM signals and the number II of the slots in the burst frame 
which are preceding the slots that are located in the upllnkchannel and allocated to the spectrum spread OFDM signals, 
so that even when the mobile station transits to the spreading coverage, the burst frame synchronization is easily 
established. 

[0085] More specifically explained, in the case of the third embodiment of the present invention, a mobile station 
45 located in an ordinary coverage is provided with allocation of slots other than the slots 1 1 2 and 1 1 4. When the mobile 
station transits from the ordinary coverage to a spreading coverage, the mobile station can no longer reproduce infor- 
mation from the conventional OFDM signals. In this case, the inverse spectmm spreading circuit 142 of the receiver 
apparatus 10b serves to switch the inverse spreading pattern among from a plurality of predetermined patterns to 
search the inverse spreading pattern, that is identical to the spreading pattern having been used in the transmitter 
50 apparatus 10a, for inverse spreading the received signals and to detect the positions of the slots 112 and 114. The 
inverse spectrum spreading circuit 142 then retrieves necessary data items from the slots 112 and 114. 
[0086] The data Items as retrieved are combined to form a burst frame for the TDMA system as illustrated in Flg.3 
in which time slots are allocated to the respective channels by timely division for multiplexing. Namely, also for the 
mobile stations located in the spreading coverage, the burst frame formed by the slots 112 and 114 in combination is 
55 composed of a broadcast channel 104 through which common information Is broadcasted from a base station to all 
the mobile stations linked to the base station, a downlink channel 106 through which Infomiation items exclusive to 
. the respective mobile stations are transfered from the base station to the individual mobile stations, an uplink channel 
108 through which Information items are transfered from the respective mobile stations to the base station, and a 
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random access channel 1 1 0 through which a mobile station can transfer a request for allocation of wireless resources 
to the base station. The respective channel 1 04, 1 06, 1 08 and 1 1 0 are composed of a plurality of slots. Namely, individual 
channels Independent from the ordinary coverage are implemented In the spreading coverage in which the wireless 
resources of the spreading coverage are allocated. 

5 [0087] Through the broadcast channel of the spreading coverage, the base station serves to transmit to the mobile 
stations located in the spreading coverage 100n*1 and 100n infomnation about the number t of the slots in the burst 
frame which are preceding the slots that are located in the downlink channel and allocated to the spectrum spread 
OFDM signals and the number II of the slots in the burst frame which are preceding the slots that are located in the 
uplink channel and allocated to the spectrum spread OFDM signals, so that the burst frame synchronization is easily 
established. Accordingly, once communication is established in spectrum spreading, it is not necessary to repeat the 
process for searching the inverse spreading pattern, that is identical to the spreading pattern having been used in the 
transmitter apparatus 1 0a, for Inverse spreading the received signals and detecting the positions of the slots 112 and 
114 even when changing the number I of the slots in the burst frame which are preceding the slots that are located In 
the downlink channel and allocated to the spectrum spread OFDM signals and the number II of the slots in the burst 

^5 frame which are preceding the slots that are located in the uplink channel and allocated to the spectrum spread OFDM 
signals 

[0088] The configuration as described above is effective particularly when it is preferred to minimize the modification 
of the existing system. However, It Is possible to fix the position of the slots 1 1 2 at the top of the downlink channel 1 06 
and the position of the slots 114 at the top of the uplink channel 108 for the spectrum spread OFDM signals in order 
20 to simplify the control. In this case, there is no longer necessary the process for detecting the positions of the slots 1 1 2 
and 1 1 4 and the process for reporting the numbers I and II of the slots. 

[0089] In accordance with the third embodiment of the present invention, the coverage of the cell of the base station 
can be expanded by transmitting spectrum spread OFDM signals in order not to affect the concun^ent conventional 
OFDM transmission. 

25 [0090] Also, in accordance with the third embodiment of the present, it is possible to avoid the interference between 
adjacent cells share an identical frequency by making use of different spectrum spreading signals for different base 
stations. This is particularly effective when the frequency resources as available are limited. 

(FOUFTTH EMBODIMENT) 

30 

[0091] Next, the fourth embodiment of the present invention will be explained. The fourth embodiment is provided 
to show examples of the transmitter apparatus and the receiver apparatus in accordance with the first or third embod- 
iment of the present Invention, In which adaptive array antennas are used. The intelligent antenna technique is effective 
to improve the utilization of channets'as taught in the above described references, I.e., "Intelligent Antenna Technology", 
35 Communications Society Conference Vol.1 , TB-5-1 , 1 999, "Studies of Zone Generation Algorithm in Adaptive Variable 
Zone Structure System", Institute of Electronics, Infonnation and Communication Engineers, B-5-204, 1998 and "Stud- 
ies of Adaptive Variable Zone Structure System Implemented with a Directional Antenna in a Base Station", Commu- 
nications Society Conference, B-5-81, 1998. 

[0092] Fig.1 3 is a block diagram showing the configuration of the antenna system for signal reception in accordance 

40 with the fourth embodiment of the present invention. As illustrated in Flg.13, the antenna system for signal reception 
in accordance with the fourth embodiment Is composed of a plurality of antenna elements 116-1, 116-2, 116-3, — and 
1 1 6-k, and an antenna control unit 1 1 8 for taking control of the antenna elements 116. The antenna control unit 1 1 8 is 
connected to the receiver apparatus 10b. The antenna control unit 1 18 is composed of a plurality of the weighting units 
120-1 , 120-2, 120-3, ••• and 1 20-k, an integrating unit 122 for integrating the received signals of the antenna elements 

45 116 respectively as weighted by means of the plurality of the weighting units 1 20, a weighting control unit 1 24 for taking 
control of the plurality of the weighting units 120 and an incoming wave direction estimation unit 126 for estimating the 
direction of incoming waves on the basis of the received signals of the antenna elements 11 6. 
[0093] In the antenna system for signal reception in accordance with the fourth embodiment, the incoming wave 
direction estimation unit 126 receives the signals as received by the antenna elements 116 respectively, and estimates 

50 the direction of the incoming waves to be received on the basis of the reception levels of the respective signals. The 
estimation Is performed in accordance with an incoming wave direction estimation algorithm, e.g., MUSIC, ESPRIT 
and so forth. The weighting control unit 124 then controls the weights assigned to the respective weighting units 120 
on the basis of the result of the estimation. The details of MUSIC is described in "Multiple Emitter Location and Signal 
Parameter Estimation", IEEE, Trans., Vol.AP-32, No.3, pp.276-280. Mar. 1 986. Also, the details of ESPRIT is described 

55 In "ESPRIT-Estimation of Signal Parameters via Rotational Invariance Techniques", IEEE, Trans., Vol.AP-37, pp. 
984-995, July 1986. 

[0094] Fig. 1 4 is a block diagram showing the configuration of the antenna system for signal transmission in accord- 
ance with the fourth embodiment of the present invention. As Illustrated In Fig.1 4 the antenna system for signal trans- 



15 



EP1 130 840 A2 



mission In accordance with the fourth embodiment Is composed of a plurality of antenna elements 1 28-1 , 1 28-2, 1 28-3, 
and 128-1 , and an antenna control unit 130 for taking control of the antenna elements 128. The antenna control unit 
118 is connected to the transmitter apparatus 10a and the receiver apparatus 10b respectively. The antenna control 
unit 130 is composed of a plurality of weighting units 134-1 , 134-2, 134-3, ••• and 134-k provided corresponding to the 
5 antenna elements 1 28 respectively, a splitter 1 36 for splitting the transmission signal as outputted from the transmitter 
apparatus 1 0a. a weighting control unit 1 38 for taking control of the plurality of the weighting units 1 34 and a plurality 
of circulators 132-1, 132-2, 132-3, and 132-1 provided corresponding to the antenna elements 128 respectively for 
outputting the transmission signal as weighted by the corresponding weighting units 134 and outputting the received 
signals as input from the antenna elements 128. 

10 [0095] In the antenna system for signal transmission in accordance with the fourth embodiment of the present in- 
vention, the splitter 136 serves to split the transmission signals as generated by the transmitter apparatus 10a, and 
output the transmission signals as split to the respective weighting units 134. The weighting control unit 138 serves to 
control the weight factors assigned to the respective weighting units 134 on the basis of the control signals from the 
receiver apparatus 1 0b The receiver apparatus 1 0b serves to generate the control signals on the basis of the incoming 

15 wave direction estimation unit 126 as illustrated in Fig. 13. The receiver apparatus 10b controls the weighting control 
unit 1 38 in order to direct the beam In the same direction as the incoming waves to be received. 
[0096] The base station in accordance with the fourth embodiment of the present Invention serves to transmit the 
spectrum spread OFDM signals to a mobile station remote from the base station. The signal transmission rate of the 
spectrum spread OFDM signals is lower than that of the conventional OFDM signal, in other words, the coverage of 

20 a cell is expanded by lowering the signal transmission rate. Thus, there Is a significant advantage with respect to the 
method of controlling the direction of a beam to a remote mobile station in a position where communication link can 
be maintained by the antenna gain generated by directing the beam to the mobile station. Namely, in accordance with 
the fourth embodiment of the present invention , it Is possible to obtain necessary infonnation for controlling the direction 
of a beam to a remote mobile station in a position where communication link can be maintained by the antenna gain 

25 generated by directing the beam to the mobile station. 

[0097] Furthermore, it Is possible to establish communication by means of the conventional OFDM signals once the 
necessary information indicative of the initial position of the remote mobile station is obtained when the remote mobile 
station is located in the position where communication link can be maintained by the antenna gain generated by directing 
the beam to the mobile station. In this case, the weight factors of the adaptive array antenna are calculated on the 

30 basis of the conventional OFDM signals rather than the spectrum spread OFDM signals. Namely, in accordance with 
the fourth embodiment of the present Invention, once the communication link is established, it is possible to make use 
of a conventional technique for controlling the weight factors of an adaptive array antenna. 

[0098] More specifically explained with reference to Fig. 12, in the case of the fourth embodiment of the present 
Invention, a mobile station located in an ordinary coverage is provided with allocation of slots other than the slots 112 

35 and 1 1 4. When the mobile station transits from the ordinary coverage to a spreading coverage, the mobile station can 
no longer reproduce information from the conventional OFDM signals. The inverse spectrum spreading circuit 142 
then Initiates searching of the Inverse spreading pattern, that Is identical to the spreading pattern having been used in 
the transmitter apparatus 10a by switching the Inverse spreading pattern among from a plurality of predetemilned 
patterns for all the slots of the downlink channel 1 06 and the uplink channel 1 08 in order to detect the positions of the 

40 slots 112 and 114. The inverse spectrum spreading circuit 142 then retrieves necessary data items from the slots 112 
and 114. However, in this case, the spectrum spread OFDM signals is not used for the purpose of exchanging user 
data unlike the third embodiment of the present invention. The spectrum spread OFDM signals Is used only for the 
purpose of detecting the location of the mobile station having transited from the ordinary coverage to the spreading 
coverage. After completing the detection of the location of the mobile station having transited from the ordinary coverage 

45 to the spreading coverage, a beam of the adaptive array antenna Is directed to the mobile station. By this process, the 
received signal level as required for establishing the conventional OFDM communication can be obtained. The mobile 
station is then capable of transfering a request for allocation of wireless resources to the base station through the 
random access channel 110 by means of the conventional OFDM signals. The mobile station having transited from 
the ordinary coverage to the spreading coverage can therefore resume the communication with the base station even 

50 in the spreading coverage in the same manner as in the ordinary coverage. After resuming the communication by 
means of the conventional OFDM, the communication channel through the spectmm spread OFDM signals is released. 
[0099] In accordance with the fourth embodiment of the present invention, it is possible to solve the conventional 
problem of how to detennine the Initial position of a remote mobile station (the initial position detennlnatlon) and to 
Improve the utilization of the frequency resources by effectively controlling the weight factors given to an adaptive array 

55 antenna In the dynamic zone structure. 

[0100] Accordingly, in accordance with the present invention, it Is possible to realize a transmitter apparatus and a 
receiver apparatus in which the variable range of the coverage of a cell in the dynamic cell structure system can be 
expanded. 
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[0101] Also, in accordance with the present invention, it is possible to realize a transmitter apparatus, a receiver 
apparatus and a base station provided with these apparatuses, in which the interference between adjacent cells is 
effectively prevented even In the cell an'angement where the frequency resources as available are limited, 
[0102] Furthermore, in accordance with the present invention, it is possible to realize a transmitter apparatus, a 
receiver apparatus and a base station provided with these apparatuses , in which it is possible to obtain Infomnation 
necessary for taking appropriate control of the antenna in order to direct a beam to the mobile station that is located 
in a remote position where a communication link can be established only by securing a necessary antenna gain through 
the adaptive an'ay antenna directed to that mobile station. 

[0103] The foregoing description of preferred embodiments has been presented for purposes of illustration and. de- 
scription. It is not intended to be exhaustive or to limit the invention to the precise fomri described, and obviously many 
modifications and variations are possible in light of the above teaching. The embodiment was chosen in order to explain 
most clearly the principles of the invention and its practical application thereby to enable others in the art to utilize most 
effectively the Invention in various embodiments and with various modifications as are suited to the particular use 
contemplated. 



Claims 

1 . A transmitter apparatus making use of an orthogonal frequency division multiplexing modulation and a spectrum 
spreading modulation in combination comprising: 

an orthogonal frequency division multiplexing circuit which selectively modulates infomnation signals to be 
transmitted by orthogonal frequency division multiplexing; 

a spectrum spreading circuit which selectively perfomns a spectrum spreading modulation of said infomriation 
signals to be transmitted; and 

a transmission signal processing circuit which transfers said information signals which have been modulated 
by either said orthogonal frequency division multiplexing modulation or said spectrum spreading modulation 
to a receiver apparatus as a transmission signal, 

said transmitter apparatus being characterized in that, when said receiver apparatus and said transmitter 
apparatus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are modulated on the basis of said orthogonal frequency division multiplexing modulation but not mod- 
ulated on the basis of said spectrum spreading modulation, said orthogonal frequency division multiplexing 
circuit performs the modulation of said Information signals to be transmitted while said spectrum spreading 
circuit does not perfomn said spectrum spreading modulation of said infomnation signals to be transmitted, and 
that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are modulated on the basis of said 
orthogonal frequency division multiplexing modulation but not modulated on the basis of said spectaim spread- 
ing modulation, said orthogonal frequency division multiplexing circuit does not perfonn said orthogonal fre- 
quency division multiplexing modulation of said infomriation signals to be transmitted while said spectrum 
spreading circuit performs said spectrum spreading modulation of said infomriation signals to be transmitted. 

2. The transmitter apparatus as claimed in claim 1 characterized in that said orthogonal frequency division multi- 
plexing circuit is provided with a serial-to-parallel converter which converts said infomiation signals to be trans- 
mitted from a serial data sequence to a parallel data sequence, a modulator which serves to map said parallel 
data as converted by said serial-to-parallel converter onto symbols in the frequency domain, an inverse fast Fourier 
transform unit which perfomns the inverse fast Fourier transformation of said information signals as mapped and 
a parallel-to-serial converter which converts the output data sequence of the IFFT unit 16 from a parallel data 
sequence to a serial data sequence. 

3. The transmitter apparatus as claimed in any one of claims 1 and 2 characterized in that said spectrum spreading . 
circuit is provided with a spectrum spreading pattern generation circuit which generates a plurality of spectrum 
spreading patterns for use in said spectrum spreading modulation. 

4. The transmitter apparatus as claimed in any one of claims 1 through 3 characterized In that said transmission 
signal processing circuit is provided with an adaptive an^ay antenna and that, when said receiver apparatus and 
said transmitter apparatus are located so remote from each other that the received signal level of said receiver 
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apparatus is not sufficient to maintain the communication between said receiver apparatus and said transmitter 
apparatus with signals which are modulated on the basis of said orthogonal frequency division multiplexing mod- 
ulation .but not modulated on the basis of said spectrum spreading modulation, the direction of said receiver ap- 
paratus relative to said transmitter apparatus Is detected by making use of a transmission signal which Is modulated 
by said spectrum spreading modulation, followed by directing a beam of the adaptive array antenna to said mobile 
station to increase the received signal level of said receiver apparatus and make It possible to perfomn the com- 
munication between said receiver apparatus and said transmitter apparatus by orthogonal frequency division mul- 
tiplexing. 

A transmitter apparatus making use of orthogonal frequency division multiplexing modulations and a spectrum 
spreading modulation in combination comprising: 

an orthogonal frequency division multiplexing circuit which performs a first orthogonal frequency division mul- 
tiplexing modulation of information signals to be transmitted; 

a spectrum spreading circuit which selectively perfonns a spectrum spreading modulation of the output of said 
orthogonal frequency division multiplexing circuit; and 

a transmission signal processing circuit which transfers the output of said spectmm spreading circuit to a 
receiver apparatus as a transmission signal, 

said transmitter apparatus being characterized in that, when said receiver apparatus and said transmitter 
apparatus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are modulated by said first orthogonal frequency division multiplexing modutation but not modulated on 
the basis of said spectmm spreading modulation, said orthogonal frequency division multiplexing circuit per- 
forms said first orthogonal frequency division multiplexing modulation while said spectrum spreading circuit 
does not perform said spectrum spreading modulation of the output of said orthogonal frequency division 
multiplexing circuit, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of'said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are modulated by said first orthog- 
onal frequency division multiplexing modulation but not modulated on the basis of said spectmm spreading 
modulation, said orthogonal frequency division multiplexing circuit perfonns a second orthogonal frequency 
division multiplexing modulation having a bandwidth which is narrower than that of said first orthogonal fre- 
quency division multiplexing modulation while said spectrum spreading circuit perfomns saijd spectmm spread- 
ing modulation of the output of said orthogonal frequency division multiplexing circuit. 

The transmitter apparatus as claimed in claim 5 characterized in that said orthogonal frequency division multi- 
plexing circuit serves to perform a phase shift keying modulation of said information signals. 

A transmitter apparatus making use of orthogonal frequency division multiplexing modulations and a spectrum 
spreading modulation In combination comprising: 

a mapping circuit which serves to map infomriation signals to be transmitted onto symbols in the frequency 
domain suitable for a first orthogonal frequency division multiplexing modulation; 

a spectrum spreading circuit which selectively perfonns a spectrum spreading modulation of the output of said 
mapping circuit; 

an orthogonal frequency division multiplexing circuit which performs said first orthogonal frequency division 
multiplexing modulation of the output signal of said spectrum spreading circuit; and 
a transmission signal processing circuit which transfers the output of said orthogonal frequency division mul- 
tiplexing circuit to a receiver apparatus as a transmission signal, 

said transmitter apparatus being characterized in that, when said receiver apparatus and said transmitter 
apparatus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are modulated by said first orthogonal frequency division multiplexing modulation but not modulated on 
the basis of said spectmm spreading modulation, said orthogonal frequency division multiplexing circuit per- 
" forms said first orthogonal frequency division multiplexing modulation while said spectrum spreading circuit 
does not perfomn said spectrum spreading modulation of the output of said mapping circuit, and 
that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus Is not sufficient to maintain the communication between 
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said receiver apparatus and said transmitter apparatus witli signals which are nnodulated by said first orthog- 
onal frequency division multiplexing modulation but not modulated on the basis of said spectrum spreading 
. modulation, said orthogonal frequency division multiplexing circuit perfonns a second orthogonal frequency 
division multiplexing modulation having a bandwidth which is narrower than that of said first orthogonal fre- 
5 quency division multiplexing modulation while said spectrum spreading circuit perfomis said spectrum spread- 

ing modulation of the output of said mapping circuit. 

8. The transmitter apparatus as claimed in claim 7 characterized In that said transmission signal processing circuit 
is provided with an adaptive array antenna and that, when said receiver apparatus and said transmitter apparatus 
are located so remote from each other that the received signal level of said receiver apparatus is not sufficient to 
maintain the communication between said receiver apparatus and said transmitter apparatus with signals which 
are modulated on the basis of said orthogonal frequency division multiplexing modulation but not modulated on 
the basis of said spectrum spreading modulation, the direction of said receiver apparatus relative to said transmitter 
apparatus is detected by mailing use of a transmission signal which is modulated by said spectrum spreading 
modulation, followed by directing a beam of the adaptive array antenna to said mobile station to increase the 
received signal level of said receiver apparatus and mal<e It possible to perform the communication between said 
receiver apparatus and said transmitter apparatus by said first orthogonal frequency division multiplexing modu- 
lations. 

20 9. A receiver apparatus making use of an orthogonal frequency division demultiplexing demodulation and an inverse 
spectrum spreading demodulation in combination comprising: 

an inverse spectrum spreading circuit which selectively demodulates information signals transmitted from a 
transmitter apparatus and received by said receiver apparatus by perfonming inverse spectrum spreading 
demodulation of said infomiation signals; 

an orthogonal frequency division demultiplexing circuit which selectively demodulates said information signals; 
said receiver apparatus being characterized in that, when said receiver apparatus and said transmitter ap- 
paratus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are demodulated on the basis of said orthogonal frequency division demultiplexing demodulation but 
not demodulated on the basis of said inverse spectrum spreading demodulation, said orthogonal frequency 
division demultiplexing circuit perfomis the demodulation of infomiation signals as received while said inverse 
spectaim spreading circuit does not perform said inverse spectrum spreading demodulation of said information 
signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of 
said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 
spectrum spreading demodulation, said inverse spectrum spreading circuit performs said inverse spectrum 
spreading demodulation of said infomiation signals as received while said orthogonal frequency division de- 
multiplexing circuit does not perfomi said orthogonal frequency division demultiplexing demodulation. 

10. The receiver apparatus as claimed in claim 9 characterized In that said orthogonal frequency division demulti- 
plexing circuit serves also to perform a phase shift l<eying demodulation of said information signals as received. 

11 . A receiver apparatus making use of an orthogonal frequency division demultiplexing demodulation and an inverse 
spectrum spreading demodulation in combination comprising: 

an orthogonal frequency division demultiplexing circuit which demodulates infomnation signals transmitted 
so from a transmitter apparatus and received by said receiver apparatus on the basis of a first orthogonal fre- 

quency division demultiplexing demodulation; 

an inverse spectmm spreading circuit which selectively demodulates the output of said orthogonal frequency 
division demultiplexing circuit by perfomiing inverse spectrum spreading demodulation of said infomiation 
signals as demultiplexed; and 

55 a demapping circuit which serves to demap said information signals as inverse spread from symbols in the 

frequency domain suitable for said first orthogonal frequency division demultiplexing demodulation; 
said receiver apparatus being characterized In that, when said receiver apparatus and said transmitter ap- 
paratus are located so close to each other that the received signal level of said receiver apparatus is sufficient 
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to maintain the communication between said receiver apparatus and said transmitter apparatus with signals 
which are demodulated on the basis of said first orthogonal frequency division demultiplexing demodulation 
but not demodulated on the basis of said inverse spectmm spreading demodulation, said orthogonal frequency 
division demultiplexing circuit performs said first orthogonal frequency division demultiplexing demodulation 
5 of infomiation signals as received while said inverse spectmm spreading circuit does not perfonn said inverse 

spectrum spreading demodulation of said infonnation signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of 
10 said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 

spectnjm spreading demodulation, said inverse spectmm spreading circuit perfomis said inverse spectrum 
spreading demodulation of said information signals as received while said orthogonal frequency division de- 
multiplexing circuit performs a second orthogonal frequency division demultiplexing demodulation having a 
bandwidth which is narrower than that of said first orthogonal frequency division demultiplexing demodulation. 

15 

12. A receiver apparatus making use of an orthogonal frequency division dernultiplexing demodulation and an Inverse 
spectmm spreading demodulation in combination comprising: 

an orthogonal frequency division demultiplexing circuit which selectively demodulates information signals 
20 transmitted from a transmitter apparatus and received by said receiver apparatus by performing an orthogonal 

frequency division demultiplexing demodulation of said infomnation signals; 

an inverse spectmm spreading circuit which selectively demodulates the output of said orthogonal frequency 
division demultiplexing circuit by perfomiing inverse spectmm spreading demodulation of the Infonnation sig- 
nals as received; 

25 a demapping circuit which serves to selectively demap said information signals as demodulated by said or- 

thogonal frequency division demultiplexing demodulation from symbols In the frequency domain suitable for 
said orthogonal frequency division demultiplexing demodulation; 

said receiver apparatus characterized in that, when said receiver apparatus and said transmitter apparatus 
are located so close to each other that the received signal level of said receiver apparatus is sufficient to 

30 maintain the communication between said receiver apparatus and said transmitter apparatus with signals 

which are demodulated on the basis of said first orthogonal frequency division demultiplexing demodulation 
. * but not demodulated on the basis of said inverse spectmm spreading demodulation, said orthogonal frequency 
division demultiplexing circuit perfonms the demodulation of infonmation signals as received while said inverse 
spectmm spreading circuit does not perform said Inverse spectmm spreading demodulation of said Infonmation 

35 signals as received, and 

that, when said receiver apparatus and said transmitter apparatus are located so remote from each other that 
the received signal level of said receiver apparatus is not sufficient to maintain the communication between 
said receiver apparatus and said transmitter apparatus with signals which are demodulated on the basis of . 
said orthogonal frequency division multiplexing demodulation but not demodulated on the basis of said inverse 

^0 spectmm spreading demodulation, said inverse spectmm spreading circuit perfomis said Inverse spectrum 

spreading demodulation of said infonnation signals as received while said orthogonal frequency division de- 
multiplexing circuit does not perfonn said orthogonal frequency division demultiplexing demodulation. 

13. The receiver apparatus as claimed in claim 12 characterized in that said inverse spectrum spreading circuit is 
^5 provided with a spectmm spreading pattem generation circuit which generates a plurality of spectmm spreading 

patterns for use in said inverse spectmm spreading demodulation. 

14. The receiver apparatus as claimed in anyone of claims 12 and 13 characterized In that said orthogonal frequency 
division demultiplexing circuit is provided with a serial-to-parallel converter which converts the infomiation signals 

50 as received from a serial data sequence to a parallel data sequence and a fast Fourier transform unit which performs 
the fast Fourier transformation of said infonnation signals as converted to said parallel data sequence. 

15. The receiver apparatus as claimed in any one of claims 13 through 15 characterized In that said Inverse spectrum 
spreading circuit makes use of different spectmm spreading patterns for different transmitter apparatuses. 

55 

16. A base station which serves to establish communication with at least one mobile station located in a communication 
area where said base station Is responsible for communication comprising: 
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a transmitter apparatus capable of transmitting information signals in a first transmission mode which has a 
first transmission speed and a first gain and transmitting information signals in a second transmission mode 
which has a second transmission speed which is lower than said first transmission speed and a second gain 
which is greater than said first gain; 
5 a receiver apparatus capable of receiving a first reception mode which receives infomnation signals having 

been transmitted in said first transmission mode and receiving a second reception mode which receives In- 
formation signals having been transmitted in said second transmission mode; 

said base station being characterized In that, when said mobile station and said base station are located so 

close to maintain communication between said mobile station and said base station in said first transmission 
10 mode and said first reception mode, said base station maintains communication between said mobile station 

and said base station in said first transmission mode and said first reception mode, 
that, when said mobile station and said base station are located too remote to maintain communication between 
said mobile station and said base station In said first transmission mode* and said first reception mode, said 
base station establishes communication between said mobile station and said base station in said second 
15 transmission mode and said second reception mode. 

17. The base station as claimed in claim 1 6 characterized in that said base station makes use of said second trans- 
mission mode and said second reception mode for communication with a mobile station which is located in an 
overlapping area between said communication area where said base station is responsible for communication and 

20 an adjacent area where an adjacent base station is responsible for communication. 

18. The base station as claimed in claim 17 characterized in that said base station and an adjacent base station 
thereto share the same communication resources for said first transmission mode and said first reception mode 
respectively and make use of separate communication resources for said second transmission mode and said 

25 second reception mode respectively. 

19. The base station as claimed in any one of claims 16 through 1 8 characterized in that said base station is provided 
with an adaptive array antenna and that, when said mobile station and said base station are located so remote 
from each other that the received signal level of said base station Is not sufficient to maintain the communication 

30 between said mobile station and said base station in said first transmission mode and said first reception mode, 
said base station establishes communication with said mobile station in said second transmission mode and said 
second reception mode, detects the direction of said mobile station relative to said base station, directing a beam 
of the adaptive array antenna to said mobile station in order to improve the gain in said first transmission mode 
and said first reception mode, and then establishing communication with said mobile station In said first transmis- 

35 slon mode and said first reception mode. 
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